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                                      Abstract 
 
An experiment was conducted using a 285 fresh laid table 
eggs to study the effects of different levels of storage time and 
chemo-physical treatments (5% HCl, and 1% NaOH or both) and 
egg size on hard-cooked eggs peelability and/or weight. At first, 
240 out of the total fresh laid eggs were divided into four 
experimental groups of approximately similar grades. Each group 
consisted of four replicates of 15 eggs. The table eggs in group 
one (control group) were subjected only to the effect of the 
storage levels (1-day, 7-days, 14-days, and 21-days) at room 
temperature then hard-cooked, weight and peeled manually. 
 The table eggs in groups two, three, and four, in addition to 
the storage time were hard-cooked, weight and further subjected 
to the effect of 5% hydrochloric acid, 1% sodium hydroxide and 
combination of hydrochloric acid with sodium hydroxide 
respectively. At all levels of the storage time and treatments the 
hard-cooked table eggs were weighed and peeled manually.   The 
peelability of each of the four egg groups was determined on the 
basis of a scoring system. The rest of the experimental eggs were 
graded and used to evaluate the role of egg size as a physical 
parameter on shell removal of hard-cooked table eggs. 
 The results indicated that the peelability and the weight of 
the hard-cooked eggs were affected significantly by the different 
 levels of the storage time. Hard-cooked eggs treated with acid 
alone and combination of acid with alkali showed the highest 
peeling scores during the different levels of storage time 
compared to the control group and alkali group. 
The alkali treatment showed low effect on the peelability of 
fresh laid hard-cooked eggs. This effect declined with storage 
time until zero effect was reached at 7th day. Chemical treatments 
showed no effect on egg weight. There was no correlation 
between peelability and egg weight. The sensory evaluation of all 
experimental eggs scored moderately desirable and above, in all 
measured attributes.  
Egg size had no significant effect on hard-cooked table eggs 
shell removal. 
In conclusion, the acid and acid-alkali chemical treatments 
have significant improvement effect on peelability of fresh laid 
eggs which in turn could preserve the quality characteristics of the 
hard-cooked table eggs.   
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CHAPTER ONE 
INTRODUCTION 
Eggs were abundant and have been considered a delicacy 
since ancient time. The statement of the Stadelman and Cotteril 
(1986) revealed that eggs remain a popular food in all countries of 
the world. Eggs are used in fresh or processed form. Dehydration, 
freezing, pasteurization, and recently hard-cooked peeled eggs are 
the main methods of egg processing. 
 Goodrum (1990) stated that there has been a major 
expansion in the commercial market for peeled hard-cooked eggs 
in recent years; primary market has been restaurants and food 
service companies who have found advantages in cost and 
convenience. Peeled hard-cooked eggs and other forms of value-
added product processing are increasingly important for the egg 
industry. Fuller and Angus (1969) reported that difficulties in 
peeling hard-cooked eggs cleanly, without nicking or scoring the 
surface of the cooked white, have plagued salad markers, because 
of substantial losses of edible product are encountered when large 
pieces of cooked white adhere firmly to the shell and membranes. 
Furthermore, salad plates, prepared in large institutional kitchens, 
lose certain aesthetic appeal when the hard-cooked eggs are torn 
and ragged looking. 
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 Although hard-cooked eggs (peeled and packaged eggs) are 
becoming increasingly popular in institutional food service; food 
industry; and in retail marketing, the extent of hard-cooked egg 
usage depends primarily on successful overcoming the problem 
connected with peeling at large scale processing. 
The intent of this study is to evaluate the effects of storage 
time and handling of hard-cooked eggs under acid or alkaline 
media on peeling and other quality characteristics of hard-cooked 
eggs. In other words the objectives of the study is to find a fast, 
safe and efficient peeling method of aged or freshly laid eggs, in 
addition to the preservation quality characteristics (shape, color, 
flavor, taste, tenderness and overall acceptability) of the hard-
cooked eggs.  
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CHAPTER TWO 
LITERATURE REVIEW 
 
2.1 Importance of peeled hard-cooked eggs: 
There has been a major expansion in the commercial market 
for shelled cooked eggs in recent years. The primary market has 
been restaurants and food service companies who have found 
advantage in cost and convenience. Shelled cooked eggs and 
other forms of value added product processing became 
increasingly important for the egg industry. The importance of 
cooked eggs would be greatly increased if lower cost of 
processing and handling methods are developed and this leads to 
the large retail-level (Goodrum, 1990).Besides, overcoming of 
problems connected with boiling, storing, preservation, shelf life, 
taste, peeling, and large scale processing. 
 The primary problem connected with a large scale 
production of the hard-cooked peeled eggs are their boiling and 
peeling, because the peeling, can seldom be done without a 
damage to white albumen, without affecting the shape, texture, 
taste and appearance. Generally, current methods used for the 
large scale hard-cooked eggs peeling result in low yield due to the 
damage to high percentage of eggs (Zeidler and Reznik, 1991). 
The problems connected with the peeling of the hard-
cooked eggs are sufficiently evident by the number of developed 
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devices, apparatuses and methods. Until now, known and used 
methods for eggs boiling and peeling include many types of 
mechanical peelers or egg shelling devices, some of them 
utilizing the tap water pressure for peeling eggs by water jet; 
apparatus for continuous peeling of boiled eggs; automatic peeler; 
or combination of vibration and washing procedures such as shell 
removal from partially frozen eggs by mechanical vibrator which 
cracks the shell and then wash it out with water jet, and other 
apparatuses which are described in the U.S. patents(Zeidler and 
Reznik, 1991). 
Most of the mechanical devices developed for removal of 
shell and membrane from boiled eggs utilize the eggs cooked in 
water to a hard boiled level, followed by immediate cooling; in 
order to prevent gray discoloration of the yolk's surface (Zeidler 
and Reznik, 1991).The wholly mechanical peeling produces 
inconsistent results. Consequently, following mechanical peeling, 
the eggs must be manually sorted to separate those having broken 
albumen. Undamaged and wholly peeled eggs are acceptable for 
restaurants and catering. The eggs which have broken albumen 
are sorted out and are only used for salads and such other uses 
where the appearance of damaged albumen does not matter. 
Consequently, any use of hard-cooked eggs after peeling for egg 
salads is costly and therefore uneconomical. 
5 
 
Thus, it would be advantageous to have available a method 
for peeling hard-cooked eggs which would allow fast, safe, 
economical and efficient peeling, and  which would at the same 
time preserve the flavor, freshness, extend shelf-life and eliminate 
unnecessary cost of storage connected with aging or eliminate the 
noxious fumes treatment(artificial aging) prior to peeling eggs. 
This recent method of peeling addresses all the above stated 
problems by introducing chemical egg peeling as a novel method 
(Zeidler and Reznik, 1991). A novel method for shell removal 
from hard-boiled egg using chemical methods or, in alternative, a 
combination of chemical with mechanical or manual methods was 
utilized. While acid can be used to dissolve or soften the shell, 
alkali is used to loosen the membrane, prior to mechanical or 
manual hard-cooked egg shell peeling (Zeidler and Reznik, 1991). 
 Previous studies have shown that albumin pH increases 
during the natural aging process of egg. Fuller and Angus (1969) 
reported good peeling of hard-cooked eggs that had an albumin 
minimum pH of 8.6 to 8.9 prior to cooking, and that extended 
storage, or storage above ambient temperature, produced eggs 
with this range of pH. Reinke and Spencer (1964) reported that 
when raw egg albumin reached a minimum pH of 8.7 to 8.9 the 
hard-cooked eggs were easy to peel. Britton and Fletcher (1986) 
showed that eggs placed in an environment with airflow peeled 
easily after 24 hours. For eggs pre-treated at 4ºC, 24ºC, and 38ºC, 
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the average minimum pH for good peelability was 9.0 (Goodrum 
et al., 1989).                 
2.2 Structure of the egg:  
Stadelman and Cotteril (1986) and Charles (1998) reported 
that the hen forms an egg in about two weeks. This is true except 
for the yolk that is formed in three stages; the part formed during 
embryonic development of the female chick, the normal slow 
development of the ovum from time of hatching of the chick to 
the point of sexual maturity some 10 days before ovulation, and 
an accelerated growth period during the last 10 days before 
ovulation in the oviduct. In the oviduct, a part of the female 
reproductive system, egg white is secreted to surround the yolk, 
and finally the shell membranes and shell are deposited to 
complete the formation process.  
2.2.1 Egg yolk:  
Is formed during the final 10 to 12 days prior to laying of 
the eggs. Its structure consists of the latebra, germinal disc and 
concentric layers of light and dark yolk surrounded by the 
vitelline membrane. The yolk comprises 30 to 33% of the total 
egg weight (Stadelman and Cotteril, 1986 and Charles, 
1998).Charles (1998) reported that the yolk contains all the fat in 
the egg and slightly less than half of the protein. With the 
exception of riboflavin and niacin, the yolk contains a higher 
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proportion of the egg's vitamins than the white and all of the egg's 
vitamins A; D and E are in the yolk. 
 The yolk also contains more phosphorous, manganese, iron, 
iodine, copper, and calcium than the white and it contains all of 
the zinc. Egg yolk have a pH of about 6.0 which stays relatively 
constant as the egg ages as there is no CO2 loss(Charles, 1998).  
2.2.2 Albumin:  
The white or albumin protein of the egg is formed in a 
matter of a few hours and is approximately 60% of the total egg 
weight. The white occurs in four layers, the chalaziferous (inner 
thick white), the inner thin white, the outer thick white, and the 
outer albumin the outer thin layer. The percentage of the total 
white found in each of the four layers, varies widely depending on 
strain of the laying hen, age of the hen and age of the egg 
(Stadelman and Cotteril, 1986 and Charles, 1998).  
As mentioned by Charles (1998) that the white of a fresh 
laid egg has a pH between 7.6 and 7.9 but as the egg ages CO2 
escapes which increases the egg pH. Egg white also become 
thinner as an egg ages because its protein changes in character 
and also become more transparent.  
2.2.3 Shell membrane: 
  Shell membrane is comprised of inner and outer membrane. 
These relatively thin keratin-like membranes are one of the egg's 
chief defenses against bacterial invasion. The inner membrane is 
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thinner than the outer membrane, but together they measure only 
0.01 to 0.02 mm thick (Charles, 1998).  
2.2.4 The shell:  
According to Stadelman and Cotteril (1986) and Charles 
(1998) the outer coverage comprises 9 to 12% of the total egg 
weight, the shell consist largely of calcium carbonate (94%) with 
some magnesium carbonate (1%), calcium phosphate (1%) and 
organic matter chiefly protein (4%).  
Adding to this in colored eggs the color is due to pigments 
(ooporphins) deposited on the shell surface. The shell is formed in 
a distinct pattern with pores for gas exchange. The pores are 
partially sealed by the protein (keratin), but do allow loss of 
carbon dioxide and moisture from the egg. As reported by Charles 
(1998) shell strength is influenced by two factors firstly, the hen's 
diet, particularly its calcium, phosphorus, manganese and vitamin 
D. secondly, egg size, which increases as the hen ages while the 
mass of shell material that covers it stays fixed.  
2.2.5 Air cell: 
  This develops by the separation of the two shell membranes; 
usually at the large end of the egg, as the inner contents shrink 
during cooling. The air cell continues to increase in size as the 
moisture and carbon dioxide are lost throughout the existence of 
the intact egg (Charles, 1998).  
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2.3 Storing Eggs: 
Charles (1998) mentioned that according to the American 
Board, eggs stored at room temperature age more in one day than 
in one week storage in refrigerators. Provided they are kept 
refrigerated, eggs can be stored for 4 to 5 weeks after packing 
date without loss of quality. Goodrum (1990) reported that eggs 
which have been stored up to three weeks when hard-cooked 
produce relatively tough egg albumin which is resistant to 
damage. 
Stadelman and Cotteril (1986) stated that factors associated 
with the extent of albumin and yolk quality loss are time, 
temperature, humidity and handling. The effect of no shell oiling, 
oiling before washing, oiling after washing, and oiling both 
before and after washing on Haugh unit and weight loss of eggs 
held for 3 weeks at 22ºC or 6 weeks at 13ºC were all compared. 
Non oiled eggs had lower average Haugh units and a higher 
weigh loss than any of the oiling treatments in both storage 
conditions (Stadelman and Cotteril, 1986). As the egg ages, water 
migrates from the albumin to the yolk, there increasing the weight 
of the yolk, on the other hand there is slow movement of lipid 
materials from the yolk to the albumin causing a change in 
percentage lipid material in egg albumin from 0.0037 to 0.0058 
during 16 weeks of storage at room temperature as reported by 
(Stadelman and Cotteril, 1986). Scott and Silversides (2000) 
stated that the major factors in determining albumen height are 
10 
 
egg storage time and conditions, and it can be measured by the 
increase in albumin pH. 
Fuller and Angus (1969) reported that it is generally 
acknowledged that unoiled eggs which have been stored for some 
time peel more readily and cleanly than freshly laid eggs. During 
storage at 10º to13ºC the ease of peeling of stored eggs when 
hard-cooked increased rapidly during the first 2 days, and then 
leveled out at peel scores indicative of good peeling. Also, they 
added that egg storage temperature also influences peelability. 
Greater ease of peelability was most rapidly attained at storage 
temperature above room temperature rather than at 10º to13ºC.To 
have hard-cooked eggs peel cleanly a relatively brief storage at 
30ºC.or higher of the egg prior to cooking was required (Fuller 
and Angus, 1969).This was consistent with adage that leaving 
eggs out overnight makes them clean peeling. Temperature at or 
above room temperature are not favorable for maintaining quality 
in eggs. 
In commercial practice eggs are oiled to preserve internal 
quality. Oiling prolonged the period of poor peeling qualities in 
hard-cooked eggs even when these eggs were stored at a high 
temperature(Fuller and Angus,1969).Over this short storage 
interval unoiled eggs peeled more cleanly and in a shorter time 
than did oiled eggs at either storage temperature (Fuller and 
Angus,1969). 
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Scott and Silversides (2000) revealed that the effect of 
storage time on egg quality was significant for all measures 
except for the egg shell weight, and that the principal changes 
with storage appeared to be decreases in albumen and egg weight. 
In addition they reported that for unknown reasons the fresh eggs 
were lighter than those that were stored for one and three days 
and has smaller yolk and shells than stored eggs. The fresh eggs 
had less albumen weight than those stored for one day, but 
thereafter storage was associated with lower albumen weight. 
Storage of 1 to 10 days did not affect shell and yolk weights 
(Scott and Silversides, 2000).         
2.4Chemical treatments of hard-cooked eggs: 
Zeidler and Reznik (1991) reported that this invention 
concerns a novel method for shell removal from hard-cooked egg. 
In particular, this invention concerns with the removal of shell 
from the hard-cooked eggs using chemical means or, in 
alternative a combination of chemical with manual or mechanical 
means, the method allows peeling of freshly laid eggs and results 
in peeled hard-cooked eggs with extended duration shelf life.                
2.5 Boiling shell eggs: 
Charles (1998) revealed that there were three common 
approaches to boil eggs. The first is to put the eggs into a pan of 
boiling water, cook them then plunge them into cold water. 
Alternatively, put the eggs into a pan of cold water and bring it to 
12 
 
the boil, then remove the heat, finally cool the egg with cold 
water. The third method of boiling eggs is to steam them. Use 
about 1 cm depth of boiling water in a pan with a close fitting lid. 
The eggs rest on the bottom of the pan which reduced bumping 
and presumably reduces the chance of cracking and since only a 
small amount of water need to be boiled, the method also saves 
time and energy. 
 According to Charles (1998) fresh egg whites coagulate in 
the range of 62ºto 65ºC, the temperature decrease with increasing 
pH and hence aging. This is why very fresh eggs require more 
time to cook than older egg. On the other hand egg yolk 
coagulates at 65ºto 70ºC. Charles (1998) reported that boiling 
eggs on a mountain take noticeable longer time than at sea-level. 
According to Charles (1998) soft-cooked egg has a firm white and 
running yolk, medium-cooked egg has a firm white and slightly 
firm yolk, and hard-cooked egg has both a firm white and yolk.  
2.5.1Cooking medium: 
The addition of various salts to the cooking water was not 
effective in producing any change in the peelability of freshly 
gathered eggs (Fuller and Angus,1969).Sodium chloride lowered 
the peelability score of  eggs stored 24 hours   (Fuller and 
Angus,1969).In addition Fuller and Angus (1969) reported that 
the increase in ease of peelability resulted from all salts levels 
combined treatments had a fairly low level of significance 
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(0.10>0.05).This sodium chloride effect was lost by second day of 
storage. 
Cooking unoiled eggs stored for 48 hours in 1% calcium 
chloride solution caused the hard-cooked eggs to be more difficult 
to peel (Fuller and Angus, 1969).This decrease in peel score was 
not observed after 24 hours storage. However, peelability at 24 
hours storage was already difficult so that an increase in difficulty 
of peeling would be less readily apparent. Similarly, an increase 
in ease of peeling for eggs cooked in sodium chloride solution 
would be difficult to observe when at 48 hours the eggs already 
have good peeling properties (Fuller and Angus, 1969). 
When eggs were oiled and stored at 10º to 13ºC the addition 
of various salts at the 1% level to the cooking water had no effect 
in making the hard –cooked eggs more peelable (Fuller and 
Angus,1969). 
2.5.2 Internal egg factors: 
Fuller and Angus (1969) revealed that microscopic 
examination of the shell membranes from hard-cooked eggs with 
a peel score of a very difficult to peel (0-score) and hard-cooked 
eggs which peeled cleanly (10-scores) revealed no differences 
even by oil immersion. However, there was great difficulty in 
tearing the shell membranes of poorly peeled eggs both from the 
shell and the adhering cooked white. Gross observation 
throughout revealed that the membranes from cleanly peelable 
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eggs were compact, tore easily from both the shell and white. The 
membranes from poorly peelable eggs were not compact, could 
be torn in layers, and firmly attached to the shell. 
Fuller and Angus (1969) reported that the progressive pH 
decrease due to increased salt concentration suggested loss or 
alteration of some egg components which contributed to cooked 
white pH. 
2.5.3Yolk discoloration: 
The peel score and yolk color grade were inversely related; 
a difficult peelability indicated a low or zero color grades. Baker 
et al. (1967) claimed that the longer the eggs were stored at 10oC; 
the darker the yolk became after cooking and this they related to 
change in yolk pH. Fromm (1966) reported that at a storage 
temperature of 24oC over 16 days storage period observed yolk 
changes to vary within less than 0.2pH units for oiled and unoiled 
eggs. This would indicate that ferrous sulfide darkening of yolk 
surface occurred in vivo within every pH range. Fromm (1966) 
concluded that albumen pH was the dominant factor affecting 
yolk structure. 
 Fuller and Angus(1969) observed that when unsorted eggs 
were collected and randomly selected and brought three times per 
a day to egg cooler, their age was unknown, but for plant practice 
reasons these eggs could not be more than 3 days old. Their 
observations on these eggs held 10º to 13ºC.When these eggs 
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were hard-cooked the amount of yolk discoloration occurred 
inversely to the peelability.This indicated that the factors 
responsible for producing discoloration, i.e. migration of Fe++ 
from the yolk plus presence of hydrogen sulfide from the 
albumen, occurred during the first 3 days of storage. During this 
same time interval parallel change would have occurred in 
albumen pH and peelability scores of hard-cooked eggs. These 
changes in yolk discoloration and peelability were more 
consistent with albumen pH changes than with yolk pH changes. 
 Swanson (1959) observed that ammonia treatment altered 
the pH and enhanced ease of peeling. This treatment did not alter 
the internal quality as measured by Haugh unit. The pH of the 
albumen was a greater factor in peeling. Fry et al. (1966) also 
found that an internal quality of the egg was not as important as 
albumen pH in determining ease of peeling. According to Fuller 
and Angus (1969) a working hypothesis on the peeling problem 
was developed as a result of this work and as stimulus for further 
work. During storage of unoiled eggs and as yet unknown 
cementing substance deteriorated. This substance was responsible 
for poor peeling characteristics. The eggs became more easily 
peelable throughout storage time. Oiling prevent in some manner 
the deterioration of this substance or prevent changes (e.g. pH 
increase and or Co2 loss, H2s production in albumen, Fe++ 
migration, etc.) which caused the deterioration of this substance. 
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 Cooking unoiled eggs in water containing sodium chloride 
accelerated the loss of this cementing substance. If the cooking 
water is containing calcium chloride, then the deterioration of this 
cementing substance was reversed and poor peeling resulted.              
2.6 Factors affecting hard-cooked egg shell removal:  
Users of the hard-cooked table eggs have observed variation 
in peelability. Some eggs peel easily while in others albumin tears 
and remains with the shell. Very little has been written about this 
problem but it is generally accepted that an albumin with a pH of 
8.7 to 8.9 and higher accompanies the easy-to-peel characteristics 
of hard-cooked eggs as reported by Reinke and Spencer (1964). 
In addition, Reinke and Spencer (1964) revealed that paper 
electrophoretic patterns were obtained on thick, outer thin and 
adhering albumin from egg with an albumin pH less than 8.7 and 
greater than 9.0. Sulfhydryl groups were determined from shell 
membranes of eggs with a similar albumin pH. No differences 
were observed between the two groups of eggs using these 
procedures. Moreover, Reinke and Spencer (1964) revealed that 
when microscopic observation were made of the site of peeling 
sections were taken from fresh and stored, cooked and non-
cooked eggs and metachromatically stained for mucin. A dark 
stain border between the adhering albumin and inner shell 
membrane was exhibited by easy-to-peel eggs but was much less 
evident in hard-to-peel eggs. Also shell membranes of easy-to-
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peel eggs appeared to be more compact than those of hard-to-peel 
eggs.  
           Ease of peeling eggs hard-cooked in the shell can be of 
practical importance in food preparation time if this property is 
greatly altered by preservation method. McIntosh et al.  (1942) 
have reported that Oil-treated hard-cooked egg more difficult to 
peel than untreated and seasonal variation was also evident. The 
average peeling time for all treatments for summer, fall and 
spring was 17, 18 and 14 seconds respectively. Further effect of 
treatment was evident from the weight of the albumin adhering to 
the shell after peeling. Untreated and thermostablized hard-
cooked eggs stored at all temperatures and seasons have little or 
no albumin on the greatest percentage of albumin adhering to 
shell. Goodrum (1990) revealed that eggs which have been stored 
often up to three weeks are cooked for 30 min at 98ºC to produce 
relatively tough egg albumin which is resistant to damage. Hand 
peeling results in a high quality product with no tears or bits of 
shell remaining but it increases the cost of production. In order to 
change methods of production from hand-peeling to mechanical 
peeling of hard-cooked eggs, it is necessary to identify and 
measure the properties of eggs which affect shell removal. A 
cooked fresh egg is difficult to peel without tearing the albumin; 
whereas an egg refrigerated for two weeks or more is easily 
peeled (Goodrum, 1990). 
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              Previous studies have shown that albumin pH increases 
during the natural aging process of an egg. Fuller and Angus 
(1969) reported good peeling of hard-cooked eggs that has an 
albumin minimum pH of 8.6 to 8.9 prior to cooking, and that 
extended storage, or storage above ambient temperature, 
produced eggs with this range of albumin pH. Reinke and 
Spencer (1964) reported that when raw egg albumin reached a 
minimum pH of 8.7 to 8.9, the hard-cooked eggs were easy to 
peel. Britton and Fletcher (1986) showed eggs placed in an 
environment with airflow peeled easily after 24 hours. Britton and 
Fletcher (1987) have developed a scoring system for evaluating 
egg peelability. Scores from this system correlate directly with pH 
changes in raw egg albumin (Goodrum et al., 1989). For eggs pre-
treated at 4°C, 24ºC, and 38ºC, the average minimum pH for good 
peelability was 9.0 (Goodrum et al., 1989). Goodrum (1990) 
concluded that eggs thermally pre-treated for period up to two 
weeks showed significant changes in tensile strength of cooked 
membrane and cooked albumin. Moreover, membrane of cooked 
eggs attained a maximum tensile strength in two to seven days 
depending on egg pre-treatment temperature on; the other hand 
cooked albumin attained a maximum tensile strength in two to 12 
days, depending on egg pre-treatment temperature. 
             At 0 ºC and 24 ºC, albumin strength increased as pre-
treatment elapsed time increased. At 38ºC, albumin strength 
reaches a maximum and decreased after two to three days. After 
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38Cْ, membrane strength dropped abruptly as raw albumin pH 
exceeds 9.0. Cooked albumin strength increased steadily for pH 
values in the vicinity of 9.0 (Goodrum, 1990). Swanson (1959), 
Meehan et al. (1961) and Fry et al. (1966) have suggested that 
peelability was most directly related to egg white pH. Swanson 
considered 8.7 to be critical pH level demarking poor and clean 
peeling properties while Meehan et al. (1961) suggested the 
peeling difficulty persisted until approximately pH 8.9.  
Storage temperature and storage pre-treatment of eggs are 
important. Hard et al. (1963), using the amount of albumin lost in 
peeling as index for ease of peeling, found that storage at 22ºC 
hastened the peelability of eggs over storage either at 13ºC or at 
0ºC over a period of several weeks. Of all treatments for storage 
of eggs studied: Untreated; CO2 atmosphere plus oiling; oiling 
with mineral oil; coating with silicone grease; and thermo-
stabilization; they found that for all storage temperatures CO2 plus 
oiling and silicone grease were most effective in maintaining poor 
peeling properties.  
Swanson (1959) changed the peeling characteristic of fresh 
eggs by exposure to ammonia fumes for 10 minutes. Britton and 
Fletcher (1987) reported that storage of egg in an environment 
containing sodium hydroxide raised the albumin pH of the egg to 
a level acceptable for easy peeling within 24 hours. Goodrum et 
al. (1989) reported that alternative methods of aging eggs to 
produce an albumin pH necessary for easy peeling when cooked, 
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without longer term storage could reduce cost by reducing storage 
cost. In situations where ease of peeling has been investigated, the 
primary measure has been from human sensory perceptions. 
 Physical test of hard-cooked egg albumin properties such as 
toughness could help in the design of equipment to produce a 
high quality, peeled hard-cooked egg. Goodrum et al. (1989) 
revealed that comparison of pH and physical properties of cold-
stored eggs to properties of eggs stored at a higher temperature 
showed significant temperature dependence during storage 
treatments. Detailed study of pH and peel score time 
dependencies on storage time treatments showed, a close 
relationship between these property changes. One day (24 hours) 
at 38ºC, 3 days at 24ºC and 5 days at 4ºC were the minimum 
storage times necessary to produce eggs that were easy to peel as 
proved by Goodrum et al. (1989). Also, pH generally stabilized at 
a value proportional to the storage temperature, which 
corresponded to a lower residual CO2 level in albumin.  
The relationship of cooked albumin shear strength and 
storage time varied with storage treatment. Albumin was attained 
maximum shear strength after storage for 1 to 3 days at 4ºC and 
24ºC; thereafter, strength decreased (Goodrum et al., 1989). For 
these temperatures, the rates of shear strength increase and 
decrease were directly proportional to storage temperatures. 
These results suggested that albumin was chemically transformed 
by a temperature dependant process. The storage process initially 
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strengthened cooked albumin; but continued storage steadily 
reduced the shear values (Goodrum et al., 1989). 
 An important implication of both mechanical peeling and 
proceeded foods containing egg is that stored eggs attained 
maximum albumin shear strength at 4ºand 24ºC after a few days 
of storage under specific conditions (Goodrum et al., 1989). The 
shear strength degraded steadily thereafter. This suggests that 
eggs may reach an optimal point for mechanical peeling. From 
the shear strength increases noted at 38ºC it is further suggested 
that storage at elevated temperatures assist in manual or 
mechanical peeling. Carter (1972) concluded that the shell will 
split when an egg is boiled if thermal expansion of the eggs liquid 
or gaseous contents, which have a higher coefficient of expansion 
than the shell, is insufficiently relieved by escape through the 
membranes and pores. This phenomenon is considered as one of 
the constrain that faces hard-cooked egg processing at large 
scales. The probability of splitting was enhanced if the shell had 
structural weak strength due to pre-existing crack or to large size, 
skew shape or low effective thickness; once these factors had 
been taken into account there was no significant effect of the 
shell's aspect ratio, color, glossiness roughness or degree of 
ridging, nor of the hen's age or a strain history of selection for egg 
production (Carter, 1972). 
 The incidence of egg splitting depended is also on storage 
time and temperature: it was very low in newly laid eggs; in egg 
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stored at room temperature it rose to maximum at about 5 days, 
then fell and was again low after about 21 days; in eggs stored at -
2ºC the time-scale was increased and the incidence of splitting 
was still high after 14 days storage as reported by Carter (1972). 
These effects are due to two changes occurring during storage: 
progressive reduction of permeability of the membranes and shell 
to liquid contents of the egg, which impedes escape of the 
contents when they expand during cooking, and progressive 
increase in the size of the air space, which provides expansion 
space. Allowing refrigerated eggs to warm to room temperature 
before cooking and adding salt to the cooking water did not 
significantly affect the incidence of splitting, putting eggs into 
cold rather than boiling water did not reduce the incidence of 
splitting expect when the air space was large, following prolonged 
storage at room temperature.  
Scott and Silversides (2000) reported that the albumin 
height of eggs from ISA-Brown hens was lower than that of ISA-
White hens at all storage times, but the albumin pH was not 
affected by strain. Albumin height and albumin pH were 
statistically unrelated in fresh eggs, but the association become 
larger as storage period increased, suggesting that albumin height 
measures factors that are present when the egg is laid and changes 
during storage, whereas albumin pH measures only the effect of 
storage( Scott and Silversides, 2000). 
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2.7 Mechanical peeling of hard-cooked eggs: 
           Peeling of the shells of boiled eggs is realized 
continuously, promptly and simply by introducing the boiled eggs 
into a cylinder through which water is flowing, the cylinder 
performing circular movement about a substantially horizontal 
axis with the magnitude of the circular movement increasing 
gradually from an initial portion towards a terminal end portion. 
The boiled eggs are firstly made to collide with the inner surface 
of the cylinder by small circular movement of the cylinder, and 
rendered more elastic with the eggshells of fine fragments to the 
degree that the shell membrane remains unbroken. Next, the shell 
membrane is broken by applying a whirling water stream and a 
centrifugal force generated by large circular motion. The boiled 
egg contents are then separated from the eggshells so smoothly as 
to be slipped out of their shells (Fujii, 1981).  
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CHAPTER THREE 
MATERIALS AND METHODS 
 
3.1 Experimental eggs: 
 Freshly laid eggs of all sizes were purchased from a 
commercial farm. 240 eggs out of 285 were utilized for 
experimentation which extended to three weeks. In all trials, the 
eggs were laid by the same flock of white leghorn hens, during 1-
hour period just prior to the start of the trial. The fresh eggs were 
stored small-end-up on paper filler mats, and were subjected to 
four storage time intervals one day, 7-days, 14-days and 21-days. 
These samples of eggs were stored at room temperature. High and 
low temperatures in the storage area were recorded twice daily, 
and they averaged between 19.8º C and 34.9ºC over the 21 days 
experimental period. 
To evaluate the effect of egg size on hard-cooked egg shell 
removal, the remaining 45 graded fresh laid eggs of three sizes 
were used. Eggs were graded to three grades using egg grading 
machine (MOBA-BANEVELD-HOLAND). Grade A was 
ranging between 55 to59.99 g, grade B was ranging between 50 
to54.99 g and grade C was ranging between 45 to 49.99 g. 
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3.2 Samples: 
           Eggs were grouped into four groups to evaluate the effect 
of storage time and chemical treatments on hard-cooked eggs 
peelability. Each group consisted of 60 eggs. Each group was 
further subdivided into four replicates each consisting of 15 eggs. 
Group one was considered as control group. Group two, group 
three and group four were treated with either 5% hydrochloric 
acid, or 1% sodium hydroxide, or 5% hydrochloric acid followed 
by1% sodium hydroxide respectively. 
Fifteen eggs from each size grade were utilized to evaluate 
the effect of egg size on hard-cooked egg shell removal. These 
eggs were divided into three replicates each consisted of five 
eggs. 
3.3 Procedure: 
To evaluate the effect of storage times and chemical 
treatments on hard-cooked egg shell removal on 1-day, 15 eggs 
from each group were hard-cooked in tap water in a domestic 
saucepan on an electric cooker for ten minutes within 1 hour of 
being laid. Full power was used from the time the eggs were put 
in the boiling water. After cooking in boiling water for ten 
minutes the hard-cooked eggs were cooled in running tap water 
for ten minutes. The procedure adopted for eggs hard-cooking 
was as follows: eggs were placed in water heated to 98ºC, the 
water was brought rapidly to the boil and boiling continued for 
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ten minutes. At the end of this time eggs were removed and 
cooled rapidly under cold tap running water for ten minutes. 
Hard-cooked eggs of group one were weighed and peeled 
immediately and scored for cleanliness of peeling. The hard-
cooked eggs in groups two, three and four were further subjected 
to chemical treatments and then peeling scores for each egg was 
evaluated. All hard-cooked eggs were weighed and manually 
peeled and peelability of each egg was recorded using a scoring 
system. 
To evaluate the effect of egg size on hard-cooked egg shell 
removal. Eggs of each grade were hard-cooked in tab water for 
ten minutes then cooled for ten minutes in running tab water. The 
peelability of each egg was evaluated using scoring system.     
3.4 Water bath: 
Sixty degree centigrade for acid and alkaline was obtained 
by putting them in plastic container and this container was put in 
boiling water. Egg dipped in the acid were stirred by stirrer from 
time to time to obtain homogenous temperature all round the 
plastic container .The electrical cooker was disconnected from 
time to time to maintain temperature around 60ºC inside the 
liquid acid or the liquid sodium hydroxide. 
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3.5 Preservation: 
Peeled eggs in every phase of the experiment were dipped in 
1% citric acid and then stored in 4°C refrigerator for one week 
and then subjected to panel test. 
3.6 Panel test: 
 Panel taste was then carried out using ten tasters in every 
phase and records were taken. The sensory evaluation was 
conducted in the poultry lab, in the department of poultry 
production. Ten panelists were employed to evaluate treatments 
products. The evaluation included stored peeled hard-cooked egg 
shape, color, flavor, taste, tenderness and overall acceptability. 
Every treatment sample was given a code number. From each 
treatment, a sample of 15 peeled eggs were washed with clean 
water to remove citric acid taste and placed in white plastic dish 
under natural light. Every panelist had tasted one peeled egg from 
each treatment sample. An eight point hedonic scale was used, 
with eight was extremely desirable and one was extremely 
undesirable. Tab water was available for use between testing 
samples. 
3.7 Scoring system: 
 The scoring system was a scale, zero to 10, with 10 score 
describing an egg which peeled free of nicks and crack and score 
zero describing an egg, all the surface of which has been defaced 
by albumin adhering to the shell. The intermediate values, 7.5, 5, 
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2.5, correspond respectively to scores for eggs with one-quarter 
albumin damage, one half damage and three-quarter albumin 
damage. 
 Group two hard-cooked eggs were further subjected to 
hydrochloric acid treatment by dipping in 5% Hcl for two hours at 
temperature of 60 °C The remaining shell and shell membrane of 
each egg were peeled and peelability of each egg was recorded. In 
group three, the previously hard-cooked eggs were cracked and 
then dipped in 1% sodium hydroxide for two minutes at a 
temperature of 60 °C followed by manual shell removal and the 
peelability of each egg was recorded. 
 In case of group four, the previously hard-cooked egg were 
firstly, dipped in 5% hydrochloric acid for two hours at 60 ºC and 
then, followed by dipping in 1% sodium hydroxide for two 
minutes at 60 ºC.  The remaining shell membranes and egg shell 
were removed and the peelability of each egg was recorded.  
 The preceding methods of treatments were carried 
repeatedly for each group (7-days, 14-days, 21-days) on weekly 
basis and records were taken.  
3.8 Statistical analysis: 
                All experiments were conducted using complete 
randomized design. The data generated from an experiment were 
tabulated and subjected to analysis of variance with SAS 
statistical package (2002 by SAS Institute Inc. Cary, NC.USA 
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Version 9.00(TSMO). The general linear models procedure 
included the main effects of storage time and chemical treatments 
and the interaction between these factors were obtained. The 
significant difference between means were separated using 
Duncan's Multiple Range test. The correlation coefficient between 
egg peelability and egg weight were calculated. Probabilities of 
less than 0.05 were considered significant for analysis. 
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CHAPTER FOUR 
RESULTS 
4.1 Storage time effect: 
          Table (1) summarizes the effect of storage time on average 
peeling score and average egg weight.  
The effect of storage time was statistically significant for 
both hard-cooked egg peelability and weight. The principal 
changes with storage time appeared to be an improvement in egg 
peeling and a decrease in egg weight. For unknown reasons the 
fresh hard-cooked eggs were lighter than those when stored for 7 
days, but thereafter storage was associated with lower egg weight 
(table 1). There were no significant differences between one week 
and three weeks storage     time   on hard-cooked eggs peelability. 
Nevertheless, there was statistically significant difference 
between one week storage time and two weeks storage time. 
Similarly, there was statistically insignificant difference between 
two weeks storage time and three weeks.  
The effect of storage time on egg weight on the other hand 
was significant but, inconsistent within the storage times. 
4.2 Chemical effect: 
         Table (2) summarizes the effect of chemical treatments on 
average egg peeling scores and average egg weight. 
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Table 1. The effect of storage time on average peeling scores and 
average egg weight (g) 
Storage time  Average peeling scores Average egg weigh (g) 
1-day  5.04c 55.23 a 
7-days  8.75 a 55.72 a 
14-days  8.04 b 55.00 ab 
21-days  8.54 ab 53.27 b 
SEM 0.223 0.653 
*Means with different superscript letter(s) within the same column are 
significantly different at P<0.05 
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Table 2. The effect of chemical treatments on average peeling scores 
and average egg weight (g) 
Treatments  Average peeling scores  Average egg weight (gm) 
Control  6.75b 54.77 b 
Hydrochloric acid  8.46 a 53.22 b 
Sodium hydroxide  6.96 b 57.00 a 
HCL + NaOH 8.21 a 54.23 b 
SEM 0.223 0.653 
*Means with different superscript letter(s) within the same column are 
significantly different at P<0.05 
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The main effects of chemical treatment were significant for 
both hard-cooked egg shell removal and weight measures. Acid 
treatment and acid plus alkali treatments were significantly 
different from control group. Acid treatment dissolve egg shell 
while alkali treatment loosening the shell membrane. There was 
no significant difference between acid treatment and acid 
followed by alkali treatment on hard-cooked egg peelability. 
Likewise, there was insignificant difference between control 
group and alkali group. However, there was a significant 
difference between acid treatment and alkali treatment. Acid 
followed by alkali treatment was also significantly different from 
alkali treatment.  
The effect of alkali treatment on hard-cooked egg weight 
was significant, but acid and acid followed by alkali treatment 
was insignificant.  
The interaction between storage time and chemical 
treatments were significant for hard-cooked peelability (Table 3) 
and non-significant for weight.  
4.3 Correlation: 
Correlation coefficient between egg peelability and hard-
cooked egg weight showed that the two components were not 
closely associated   with storage time. 
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Table 3. The effect of storage time and chemical treatments on average 
peeling scores.  
Treatments  1-day 7-days 14-days 21-days Means 
Control  2.17cb 8.67a 7.83a 8.33cb 6.75b 
Acid  7.41a 8.83a 8-33a 9.50a 8.46a 
Alkali  3.46b 8.67a 7.97a 8.17db 6.96b 
Acid+Alkali 7.58a 8.83a 8.00a 8.50b 8.21a 
Means 5.16c 8.75a 8.03b 8.63ab 7.59 
SEM 0.445 0.445 0.445 0.445 - 
C.V 21.41% 7.19% 10.82% 5.55% - 
LSD 1.88** 1.18NS 1.63NS 0.9* - 
*Each datum is the average of 15 eggs 
 *Means with different superscript letter(s) within the same column are                    
significantly different at P<0.05    
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4.4 Sensory evaluation:  
For panel test 1% citric acid was used as a preservative 
material to all treatments products. The use of 1% citric acid 
might have some negative effects in some of the sensory 
attributes measured. But generally all samples were scored 
acceptable points. There was slight increase in the scores for 
shape, color, tenderness and overall acceptability and slightly 
lower scores in flavor and taste. All samples were scored 
moderately desirable and above in all attributes measured, as 
shown in (Table 4). 
4.5 Egg size effect: 
          From the ANOVA table that was extracted from the data 
obtained from hard-cooked eggs peeling scores of grade A,B and 
C, the egg size had no significant effect on hard-cooked egg 
peelability at both 1% and 5%. 
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Table 4. Average panel test grading score as affected by chemical    
treatments on quality attributes of hard-cooked table eggs.  
Treatment Shape Color Flavor Taste Tenderness Overall acceptability
Control 5.95 6.11 5.90 5.75 6.03 5.83 
HCL 6.83 6.53 6.20 6.05 6.25 6.48 
NaOH 6.27 6.40 5.88 7.78 6.15 6.18 
HCL + NaOH 6.82 6.50 6.68 6.30 6.60 6.75 
*Each datum is an average of at least 10 out of 15 eggs 
 
 
  
 
 
 
 
 
 
 
 
37 
 
Chapter Five 
Discussion 
 
In the present study freshly laid eggs were allowed to 
receive four levels of storage times (1-day, 7-days, 14-days, and 
21-days) and three levels of chemical treatments (hydrochloric 
acid, sodium hydroxide and hydrochloric acid followed by 
sodium hydroxide) which were compared to the control group. 
The apparent appearance of the experimental eggs was good 
although the experimental period was extended up to 3 weeks 
In view of the results obtained it would appear that the 
peelability of hard-cooked eggs was affected significantly with 
storage time and chemical treatment. However, freshly laid egg 
treated with hydrochloric acid or hydrochloric acid followed by 
sodium hydroxide showed high peeling scores than the control 
group. This result agrees with those reported by Zeidler and 
Reznik (1991) who found that using acid and alkali as chemical 
treatment for hard-cooked eggs improved the peelability of the 
freshly laid eggs. This might have resulted from the action of the 
acid on the egg shell and the alkali on egg membrane. 
The result of this study also showed that the control group 
on the 1-day scored the least score compared to the other 
treatments indicating that freshly laid eggs are hard- to- peel. This 
result is in agreement with Zeidler and Reznik (1991) and 
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Goodrum (1990) who revealed that a cooked fresh egg is difficult 
to peel without tearing the albumen. This might be attributed 
according to the findings of Reinke and Spencer (1964) and Fuller 
and Angus (1969) that hard-cooked eggs with albumen pH below 
8.6 are difficult to peel. 
The results of the present study showed that the alkali 
treatment produced slight improvement in the fresh egg 
peelability until 7-days where it tended to be zero. This result also 
agrees with Fuller and Angus (1967) who reported that addition 
of various salts to the egg cooking water was not effective in 
producing any change in the peelability of the freshly gathered 
eggs, but a combination of salts may produce low levels of effects 
which are lost by the second day of storage. 
The insignificant difference in the peelability of the hard-
cooked eggs which received alkali treatment and the control 
group agrees with Fuller and Angus (1969) and disagrees with 
Zeidler and Reznik (1991) who reported that the alkali treatment 
can be used to improve hard-cooked eggs peelability. 
The drastic role of the acid treatment and acid followed by 
alkaline treatment in improving hard-cooked eggs peelability in 
comparison to the control group confirms the findings of Zeidler 
and Reznik (1991). 
The increasing effect of alkali chemical treatment on egg 
weight rather than the rest of the tested chemical treatments 
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suggested its affinity for water retention. The significant effect of 
increasing storage time on enhancing the peelability of      the 
hard-cooked eggs and reducing egg weight measures are in line 
with the findings obtained by Charles (1998), Goodrum (1990), 
Stadelman and Cotterill (1996), Scott and Silverside (2000), 
Fuller and Angus (1969), Britton and Fletcher (1986) and Hard, et 
al.(1963). 
An important implication of this study is that the enhancing 
effect of the storage time on hard-cooked eggs peelability reached 
the peak at 7-days and then decreased until 14-days, and then 
started increasing again until 21-days. This finding agrees with 
Goodrum et al. (1989) who revealed that the storage processes 
initially strengthens cooked albumen; but continued storage 
steadily reduces the shear values of the egg white.  
The inconsistent significant effect of the egg storage period 
on egg weight can be explained by the result of Scott and 
Silversides (2000) who reported that for unknown reasons the 
fresh eggs were smaller than those that were stored for 1 or 3 days 
and had smaller yolks and shells than stored eggs. 
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Conclusions and Recommendations 
 
On the basis of the presented experimental results one can 
conclude that: 
1-storage time and chemical treatments significantly improved 
hard-cooked eggs peelability and reduced the weight. 
2-Hard-cooked eggs treated with acid or acid followed by alkali 
showed the highest peelability scores when compared to the other 
treatments under test. 
3-Freshly laid hard-cooked eggs are difficult to peel. 
4-Acid treatment and acid followed by alkali treatment 
significantly improved fresh laid hard-cooked eggs peelability. 
5-Alkali treatment had very low effect on freshly laid hard-
cooked eggs peelability. 
6-Alkali treatment effect was decreased with storage time until it 
approached zero at 7-days, when the effect of storage time is the 
only dominant.  
7-Acid and acid followed by alkali treatment had no significant 
effect on hard-cooked eggs weight. 
8-Storage time significantly improved hard-cooked egg 
peelability and decreased the weight. 
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9-Acid treatment and acid combined with alkali treatment provide 
peeled hard-cooked eggs with preserved quality characteristics, 
since their use had improved the peelability of the fresh laid eggs. 
10-Egg size had no significant effect on hard-cooked egg 
peelability. 
          Finally, for better understanding of the role of storage 
period and chemical treatments on the peelability and other 
quality attributes of the hard-cooked table eggs, one can 
recommend the study of changes that occur to the stored and 
chemically treated table eggs day by day with consideration to all 
expected environmental changing factors. 
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Appendices: 
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Appendix.1.The effect of storage time on peeling average scores and 
average weight (g) 
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Appendix.2. the effect of treatment on average peeling scores and egg 
weight (g). 
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Appendix.3.The effect of storage time and chemical 
treatments on average peeling scores. 
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Appendix 4.The effect of egg size on hard-cooked egg    
peelability   
 
 
*With (2/6 degrees of freedom). 
*Means in a row are similar (p>0.05). 
*C.V = 43.13%. 
 
 
                                                         
 
Item                Treatments 
F- value       A 
      
B 
 
      C 
 
Egg size 
         
 
            0.95  NS 
 
4.33± 1.31
 
 
3.00±1.47 
 
 
2.83± 0.62
